Beam Centring
Introduction
The uniqueness of TRIUMF as a machine producing simultaneous proton beams with energy easily variable between 180 and 520 MeVl has promoted an increased effort towards improved stability, energy resolution and time resolution of the extracted beam. In the proton area a QD-type medium resolution spectrometer with Bp of 48.8 kGm and anticipated resolution of 0.1% in AE/E is being commissioned. 0.5 ns is the resolution of the detectors available for time-of-flight experiments. In the meson hall a low-intensity, <10 nA, beam line for more efficient sharing of low-intensity beams has been recently installed.
In normal conditions the beam hasan energy spread of about 0.4% in AE/E. The 4.5 ns, almost rectangular, pulse length is reduced to -2 ns FWHM when a sinusoidal buncher is used to increase the current The centring probes, range of motion 17 to 80 in., and the outer slits, motion 72 to 112 in. (see Fig. 1 ), have been used to provide the differential turn patterns over the non-adiabatic region. The radial flag on the first turn is used to reduce the phase width to 150, centred around-00, so that the turn structure may be observed. The differential turn patterns are automatically digitized, the positions of the peaks determined and the data analysed to determine the coherent centring error. This is shown in Fig. 2 . The 'before' data represent the situation achieved after empirically tuning the machine for maximum transmission to 500 MeV. The curves labelled 'after' show the results of the first attempt to improve centring using a computer fitting routine to predict changes in amplitude and phase of harmonic coil sets 2 through 5 lying between 37 in. and 115 in. radius. A significant improvement has been JUYUYi(YUYUJUL r-)I , nnn n n n) obtained over the region 60 to 100 in. The effects of individual harmonic coils on centring, calculated from their measured magnetic field characteristics, agree with the effects directly observed.
Beam Quality Improvement Using Slits and Flags

Beam Preparation
Injection conditions are usually optimized for maximum current transmission and a wide phase acceptance. A typical 40°wide phase acceptance is shown in Fig. 3(a) , where the current transmitted to extraction radius is plotted versus the initial phase defined by a -10°chopper in the injection line. Phases around 00 have optimum radial behaviour3 and are therefore more convenient for separated turn work. They are vertically more critical. Therefore, correction plates in the central region4 and the last elements in the injection line are reoptimized for maximum transmission at this phase with chopper on. The vertical flag limiting the size of vertical oscillations between 37 in. and 52 in. is partially raised into the beam to define a 'uniform envelope' vertical acceptance and to eliminate high vertical coherent oscillations.
Radially the centring is optimized by symmetrizing the turn width with small deflector corrections.5
The radial flag is then inserted to intercept phases more positive than 10 or 150 [ Fig. 3(c) ]. The inner slit (H2) is adjusted in width and position to select a portion of a turn close to 00 [ Fig. 3(d) ]. H2 and the radial flag together define a phase width sufficiently narrow that side bands will not pass through the subsequent slits. The chopper is then turned off to eliminate the aberrations introduced by this device.
A differential probe scan is made at 70 MeV, well beyond the non-adiabatic region,and although separated turns may not be seen, gross coherent centring errors yield density modulations. These are removed by empirically adjusting a single harmonic coil set, since we have a narrow phase band. An outer slit [Hl, H3 or H4 ( Fig. 1) A turn pattern and the relative turn number obtained by scanning the stripper foil near 200 MeV are given in Fig. 5(a,b) . vr is 1.25 and it can be seen that there is a coherent radial oscillation, amplitude about 0.08 in., at this frequency which serves to iso- showed that they had been reduced to less than 0.1 ps peak-peak. This result is also confirmed by observing the intensity fluctuations of a slit-selected beam.
A beam phase stabilization system using the RF frequency to compensate for magnetic field variations has been tried with some success.5 However, this solution has the disadvantage that it relies on a beamderived signal, which is not straightforward to obtain for all operating modes. The intention is to use an NMR system7 capable of better than 1 ppm resolution to provide an error signal to the RF frequency.
The addition of a third harmonic, expected to be operational in about a year, will relieve the tight restriction on acceptable phase range for single turn extraction at 500 MeV.
